INTRODUCTION
The USGS is creating an integrated national database for digital state geologic maps that includes stratigraphic, age, and lithologic information. The majority of the conterminous 48 states have digital geologic base maps available, often at scales of 1:500,000. This product is a prototype, and is intended to demonstrate the types of derivative maps that will be possible with the national integrated database. This database permits the creation of a number of types of maps via simple or sophisticated queries, maps that may be useful in a number of areas, including mineral-resource assessment, environmental assessment, and regional tectonic evolution.
This database is distributed with three main parts: a Microsoft Access 2000 database containing geologic map attribute data, an Arc/Info (Environmental Systems Research Institute, Redlands, California) Export format file containing points representing designation of stratigraphic regions for the Geologic Map of Utah, and an ArcView 3.2 (Environmental Systems Research Institute, Redlands, California) project containing scripts and dialogs for performing a series of generalization and mineral resource queries.
IMPORTANT NOTE: Spatial data for the respective stage geologic maps is not distributed with this report. The digital state geologic maps for the states involved in this report are separate products, and two of them are produced by individual state agencies, which may be legally and/or financially responsible for this data. However, the spatial datasets for maps discussed in this report are available to the public. Questions regarding the distribution, sale, and use of individual state geologic maps should be sent to the respective state agency. We do provide suggestions for obtaining and formatting the spatial data to make it compatible with data in this report. See section 'Obtaining and Formatting Spatial Data'.
The only spatial data distributed with this report is a set of points describing stratigraphic region codes for the Geologic Map of Utah. In the original version of that map (Hintze, 1980) , there were separate description of map units and correlation of map units for several regions of the state. A small index map was provided to designate the boundaries of each region. The authors of this report have included these regional descriptions in the database, and have provided suggestions for incorporating these regions into the user-supplied geologic map in the section 'Obtaining and Formatting Spatial Data'. Note that the use of these regional descriptions is not required, but may provide more detailed information to the user.
DATABASE OVERVIEW
This database is distributed as a Microsoft Access 2000 format database. The tables in the database reflect those described in "DIGITAL GEOLOGIC MAP DATA MODEL, Version 4.3" available at: http://geology.usgs.gov/dm/. This Data Model has also been termed the "North American Data Model Version 4.3", and will be referred to in this text as NADM 4.3. While this is a draft document, it represents a set of proposed standards for the structure and content of digital geologic maps. All background information regarding the intent, format, and contents of this data model should be referred to in the document referenced above. More background information can be found at: http://ncgmp.usgs.gov/ngmdbproject/standards/datamodel/datamodelWG.html and indicated links. This database also contains several Microsoft Jet SQL queries that are intended to provide easy user access to common types of geologic information contained in the database. Many of these queries are general use queries that provide lithologic and age information, often involving manipulation of data hierarchies in the data model. Other queries are specific to mineral resource investigations that represent first-cut efforts to demonstrate the usefulness of the data structure.
DATABASE DESCRIPTION

Database Assumptions
Version 4.3 of the proposed Geologic Data Model is quite complex and flexible. Due to the lack of available datasets in this format, many assumptions have been included in the database. Many tables are blank or contain minimal information to satisfy the spirit of the Data Model. Furthermore, the data requirements for this data have constrained the use of the Data Model to specific usages of tables or fields within tables.
In many cases, there are one-to-one correlations between records in various tables in the database. Where possible, the ID's that serve as primary keys have remained the same. For instance, in this report there is a one-to-one correspondence between records in the Classification_Object table and the COA table. Matching records between these tables have the same CLASS_OBJ_ID and COA_ID values. To preserve database integrity, the Data_Classification table, which provides for a many-to-many relation between the two tables, is complete.
The NADM 4.3 specifies a compound key between spatial features in a GIS and their attributes in the rest of the database with the Spatial_Obj_ID and Dataset_ID fields to enable each spatial feature to not need to be uniquely identified outside of that dataset. While a good design feature, many GIS packages do not offer the capability to use a compound key, and thus the user would be required to filter through the correct Dataset_ID values before joining or relating to attribute data. This is further complicated by the fact that any spatial feature can belong to multiple classification objects, which essentially creates a three-field compound key based on the Spatial_Obj_ID, Dataset_ID, and Class_Obj_ID fields. What we have done is to uniquely identify each feature in all of the datasets discussed in this report to eliminate the need for further querying. While this is not feasible for very large datasets, users are encouraged to use the same scheme, as discussed below.
Database Tables
A complete listing of database tables and fields is included in Table 1 at the end of this report. For detailed explanations of the structure, relationships, and content descriptions, refer to the NADM 4.3 draft documentation. All of the tables and fields discussed in the data model document are included in this report, including tables that contain no data. This is to facilitate understanding of the complete database structure, future improvements in content, and to support software tools.
Several tables that are not documented in NADM 4.3 have been added to the database. These tables are used by a beta version of a software product being developed named "GeoMatter," which is intended to facilitate the attribution of geologic maps in NADM 4.3, as well as a version of the NADM put forth by the Canadian Geological Survey, informally dubbed NADM 5.2. Geomatter is currently under development, and is not available for release at this time. NADM 5.2 is also a draft standard that is available on-line at http://cordlink.gsc.nrcan.gc.ca/cordlink1/ One more table has been added to this database by the authors that is not included in NADM 4.3. This table is called 'Comp_Values'. The design of the Data Model allows for multiple rock compositions per a given map unit. The Rock_Composition table allows for the map attributer to provide volumetric percentages as well as the accuracy, or quality, of that percentage that each rock composition contributes to the map unit. In many cases, such information is not given in an existing map Description Of Map Units (DMU). However, the typical nomenclature of a DMU is to give a list of rock compositions in a list of descending contributions. Since this list is inherently qualitative, it may be difficult or impossible to infer a percentage of contribution for each composition. What we have done is to use the attribute 'comp_seq' in the Rock_Composition table to store such information. This field is intended to be an identifier for a unique rock_composition for a map unit. We have used the scheme of assigning the first rock composition listed in a DMU a value of 1, and numbering sequential rock compositions in the DMU with sequential comp_seq numbers. In this scheme, one can always retrieve an ordered, relative list of rock_compositions. To facilitate the English language usage of this structure, we have provided the Comp_Values This scheme allows a user to retrieve a textural description of a rock composition's contribution to a map unit. Clearly, these are draft values, and can be changed. They are included to provide access to a ranked list of contributions. There are also many instances where these values would not be appropriate. For instance, given a map unit containing two lithologies (rock compositions) it is impossible to tell if each lithology contributes 50% to the map unit, or if one lithology contributes an overwhelming amount to the map unit. Likewise, given a large number of rock compositions, it may be impossible to determine if each contributes roughly equal amounts to a map unit, or if some contribute very minor or accessory amounts.
Database Queries
We have included sets of SQL queries in the database that are meant to be of general geologic usefulness and for particular mineral resource evaluations. These queries are in Microsoft Jet SQL format, which is a variant on the SQL standard. While the datasets for this report are at a smaller scale than most mineral resource assessments, they are included to demonstrate the power of the data structure for that purpose. Care should be taken not to violate the scale constraints on the source data.
Due to the simplicity of classification schemes in this report, the included queries have been separated into component queries. This is due to the fact that there is a one-toone correspondence between entries in the Classification_Object table and entries in the COA table for data in this report. Furthermore, for this report, each Spatial Object (GIS feature) only belongs to one Classification_Object. This means that there is a static relationship between COAs and Spatial Objects. A query can be made to define which Spatial Objects belong to which COAs, which will not change. A further benefit of this is that it speeds up query performance, especially when dealing with ODBC, since the base query, which may return many thousands of records, is only performed once. All the other queries, which can be joined to the base query, return many fewer records, and therefore are more efficient.
The base component for all queries is the query named 'QryGisRockPolyCOAID' since it relates polygonal features in the GIS to COAs that describe rock units. This query returns the Spatial_Obj_ID field, which identifies all GIS features, and the COA_ID field, which identifies all Compound Objects. Because of the numbering scheme of spatial identifiers used in this report, the field Dataset_ID field is not needed in this query, but can be quickly added to the query by the user, if needed.
The use of the base query may vary. It may be used inside a DMBS to link with other queries, or it may be retrieved from the DMBS into GIS software, and directly linked to the GIS layers. The latter method is most likely the most efficient. The results of this query can be joined or linked in GIS software to GIS layers, thereby assigning a COA_ID value to each feature. Results of other queries, that return COA_ID values, can then be joined or linked to the GIS layer or set of features, using the COA_ID field as the key. Once the spatial data is obtained, it must be formatted to be compatible with the database supplied in this report. Following the translation of the spatial data into an appropriate GIS format, the proper attribute table fields (also known as items, or columns) must be created and populated in order to link to the data in this report. The minimum requirement is the Spatial_Obj_ID field, which stores a unique numeric identifier for each spatial feature. The NADM 4.3 specifies Dataset_ID and Source_ID fields as well. The following is the Arc/Info specification for spatial data attribute tables used in this report, although the user may choose to modify these. Most geologic datasets contain both polygon and line type features, which each are attributed. The NADM 4.3 specifies the same fields regardless of the feature type, but since this report only contains polygon type information, these fields only need to be added to the polygon feature class of each dataset. WIDTH  OUTPUT  TYPE  SPATIAL_OBJ_ID  12  12  I  DATASET_ID  12  12  I  SOURCE_ID  12  12  I   Suggested names and specifications for shapefile attribute tables are: FIELD NAME Data Type SPATIAL_OB Double DATASET_ID Double SOURCE_ID Double
ITEM NAME
Users must then populate the Spatial_Obj_ID field with unique numeric values. At a minimum, the values must be unique to each dataset, although the authors suggest that users populate the field with values that are unique to all of the spatial datasets. The authors have used a scheme that assembles a code for the state (FIPS Code), a code for the layer type, and a unique value for the feature. The first 2 digits from left are state FIPS codes (CA=06, NV=32, UT=49), the digits in space 3-4 from left are a layer identifier (may be the dataset_id or the following: geology polygons=01 geology arcs=02), and the remaining digits are a unique value with 0's as needed to fill the remaining digits. Because Arc/Info coverages maintain a unique identifier for each feature in the <coverage_name># field, the authors recommend using that field as a source for unique identifiers. For example, the California dataset, named 'ca-geol', with under 100,000 features in the geology polygons layer, the following Arc/Info command could be used to calculate unique ID's: calculate spatial_obj_id = 060100000 + ca-geol# - To complete the process of combining the spatial data and attribute data, the Spatial_Classification table in this report's database must be completed. This table links the spatial information with the attribute information.
It is important to note that the following changes have been made to the geologic map unit labels identified in the original geologic maps and those presented here. This is important because the geologic map unit labels will serve as a primary key in connecting the individual state map datasets with the attribute database distributed in this report. The following table documents these changes, and users will need to change these values either in the Class_label field of the Classification_Object table or in the map unit label field of the individual state map.
Original geologic map unit label
Geologic map unit label in this report
GIS Data For The Geologic Map of California
No changes 
Utah Region Information
The original Geologic Map of Utah (Hintze, 1980) was published with eight separate stratigraphic columns and descriptions for differing regions of the state map. These regions were depicted on a very small scale index map in that report. No previously published digital report has included this information. The authors of this report have included these separate stratigraphic descriptions in the databases, for users who may want to use them. However, users will have to perform some extra GIS operations with the data included in this report to incorporate this information.
The map unit descriptions distributed in this report (encapsulated in Classification_Object, COA, Stratigraphic_Age, and Rock_Composition This publication is distributed with a spatial dataset containing points that describe the region for each polygon in the user-supplied Digital Geologic Map of Utah (Hintze et al, 2000) . These points were created by digitizing the region index map from the original state map, then performing a GIS intersect operation with the map of Hintze, et al. The resulting region boundaries were then removed from the database, resulting in the original state geologic map polygons with a region code. Because the index map was such a small scale, geologic polygons near the region boundaries had to be evaluated and manually assigned a correct region code. Units with ambiguous or indeterminate region assignments were not assigned to a region and therefore are attributed with the state-wide map unit.
The spatial dataset distributed in this report as an Arc/Info Export format (e00) file named 'ut_regions.e00'. When imported into a spatial dataset (coverage, shapefile, etc), this file will represent one point that falls within each of the geologic polygons from Hintze, et User's who wish to take advantage of the regional descriptions in this report are suggested to take the following steps to all the regional information to the user-supplied data from Hintze, et al.: 1) Format the dataset of Hintze, et al, using the specifications under section Obtaining and Formatting Spatial Data to ensure that the dataset has Spatial_Object_ID values for each polygon 2) Convert the Arc/Info Export format file, ut_regions.e00 into a suitable format for the GIS in use. The exact procedure for this operation varies with GIS platforms. Translators for this format are available through the USGS Public Domain Software page: http://edcwww.cr.usgs.gov/doc/edchome/ndcdb/public.html 3) If required, project the resultant dataset from Step 2 into a projection that matches the projection used by data from or derived from Hintze, et al. 4) Perform a point-in-polygon analysis with the points from Step 2 and 3, and the geologic polygon dataset from Hintze, et al. This operation should result in the points from Step 2 and 3 now having the attributes (specifically the map unit designator field, and the Spatial_Object_ID field) from polygons from 
ArcView Project Description
This report is distributed with an ArcView version 3.2 project file and an associated stand-alone executable program that will perform a set of mineral resource and generalization queries on any NADM 4.3 formatted dataset. The project file is named 'wr_mrsa.apr'. The dialog designer ArcView extension is required for this project. The stand-alone executable is a Microsoft Windows executable that reads a query out of the database distributed with this report and displays a hierarchical "tree" view of the lithology hierarchy from this report, including the ability to define a lithologic term and the position (lith_level) of that lithology in the hierarchy. This is useful to envision the entire hierarchy as well as investigating the level of detail desired when performing a lithology generalization.
One of the primary purposes of the ArcView project (herein called 'the project') is to demonstrate the use of geologic information in a standard data format for mineral resources investigations. The project performs three different sets of queries that may be useful for that purpose, two of which allow the user to make three levels of constraints on the query. The project also performs some general-purpose attribute generalization queries. The general algorithms of each query will be discussed below.
Requirements
The functionality of the ArcView project distributed with this report is based on the avenue scripting language within ArcView GIS. While ArcView 3.x versions exist for PC, Macintosh, and Unix computer systems, the database format distributed in this report is only compatible on computers running Microsoft Windows operating systems. There are translation utilities available to allow the database to be converted to operate under different computing environments. The project was written using ArcView 3.2, and requires the dialog designer extension, which is distributed with ArcView versions 3.1 and higher. Users of ArcView prior to version 3.2 can find utilities to make the project backwards-compatible at the publisher's website, http://www.esri.com
The functionality of the ArcView project in this report also relies on an ODBC connection to the database distributed in this report. The ODBC connection is required to be named 'wr_mrsa'. If this is not an acceptable name, the project can be configured to work with a different name. Two avenue scripts within the project are programmed with the ODBC name. These scripts are named 'sql.fetch' and 'sql.getCOAID'. These two scripts can be edited and recompiled to connect to a different ODBC connection. The scripts are commented to note the value that needs to be changed. Users are strongly discouraged from editing any other scripts distributed in the project.
The project was written so that any dataset in the NADM 4.3 format can be used. The scripts that perform the queries do some error checking to ensure that only NADM 4.3 datasets are used. To do this, the scripts check for the presence of two fields in the attribute tables of each dataset being queried. The first is the dataset_id field. Note that this field only needs to be present in the attribute table of the dataset. The scripts do not perform any operations on values contained, or not contained, in the field. The second required field is the Spatial_Obj_ID field. Due to attribute field name limitations in many dataset formats, the scripts check for 'variants' on the Spatial_Obj_ID fieldname. Valid names for the field are: 'spatial_obj_id', and 'spatial_ob'. Note that the values in this field are critical to maintain links to the correct map units in the database.
Using the ArcView Project
The ArcView project works on the concept within ArcView of the 'active theme(s)'. Queries will be performed on any and all active (highlighted, or selected) themes that the script can identify as being in the NADM 4.3 format. If no themes are selected, the script will not run. If the script identifies a non-NADM theme in a set of selected themes, then the script will skip that theme. The scripts create a new theme that is a 'virtual copy' of the datasets that it performs a query on. If these virtual datasets are saved within the ArcView project, the queries will be rerun by ArcView when the project is opened again. In order to permanently store the dataset created from a query to a file-based dataset, the theme must manually be written to a shapefile. Consult the ArcView GIS documentation for this procedure.
The project contains two extra menus for view documents. These menus are named 'Minerals Queries' and 'Generalization Queries'. Selecting options in the 'Minerals Queries' menu will bring up a dialog box to perform a variant on the basic query type. For the Potential Skarn and Sediment-Hosted Gold queries, a dialog box will presented that allows the user to specify which subtype of query is desired. Clicking the radio button next to that query description, then pressing the 'Run Query' button will begin the query. Selecting a menu item in the 'Generalization Queries' menu will either bring up a series of dialogs to specify values to generalize with, or will launch the lithology hierarchy browser Windows executable.
The project is distributed with no data in the project. It is up to the user to add and configure the datasets used by the project. Note that in order for the potential skarn queries to function correctly, the map units for the view containing the datasets must be specified.
The project performs quite a bit of error checking, but cannot anticipate every error. The software is distributed as-is, and the U.S. Geological Survey is not responsible for any problems that may occur.
Discussion of the Queries
Potential Skarn Queries.
The basic form of this query is to select all map units from the database that contain carbonate rocks that are adjacent to an intrusive unit. The script run in this query retrieves a query from the database that performs a basic generalization of the primary lithology of all map units and returns those that are carbonate or intrusive (plutonic). The script then selects all of the intrusive rock polygons and performs a GIS 'next to' operation for all units that are immediately next to those intrusive polygons. Finally, all of the carbonate rocks are selected from those polygons next to intrusive rocks, yielding a layer that is all of the carbonate bearing polygons next to an intrusive unit. It is important to note that neither of the queries determines if a plutonic map unit is located next to or near a carbonate unit through depositional or fault contacts.
The second form of this query recognizes the fact that intrusive units do not have to be in immediate contact with carbonate units to produce a skarn deposit. The script performs the same exact query as described above with the exception that units are selected that are within 5 kilometers of any intrusive unit. Views with map units not in meters will use the 5 km distance equivalent in the view's map units.
The third form of the Potential Skarn Query is a quite complex query and can take significant amounts of computation time. The goal of the query is to ensure that any igneous unit polygon is younger than the carbonate unit polygon that it is within 5 kilometers of. In order for this script to work, it must create 3 temporary datasets in the project's working directory, which is usually the user's 'temp' directory. The script downloads a similar query as describe above from the database, with the exception that the query also returns age information for each map unit. The script then creates a shapefile of all the intrusive bearing polygons, and a shapefile containing all of the carbonate bearing polygons. The script then loops through every feature in the intrusive rocks shapefile, selects all of the polygons in the carbonate shapefile that is within 5 kilometers of that polygon. A comparison of the age of each polygon is performed and a running tally of all features that are older than the intrusive polygon is kept. After all of the polygons in the intrusive shapefile have been analyzed, the script outputs those features that met all of the requirements to a shapefile in the user's working directory. This shapefile will have a 'base' name of 'skarn', followed by a number.
Sediment-hosted Gold Queries
The general form of the sediment-hosted gold queries is to select map units that contain both mudstones and carbonates, in any amount. A general term for this kind of map unit is 'dirty carbonate.' The query generalizes the lithology hierarchy for both mudstones and carbonates. Mudstones in the hierarchy distributed in this report, which is the standard hierarchy for the datamodel, include the following lithologies: argillite, black shale, claystone, mudstone, oil shale, shale, and siltstone. Carbonate lithologies include: carbonate, dolostone (dolomite), and limestone. This is an attributes-based query and does not perform any spatial analysis
The second form of the sediment-hosted gold queries recognizes the prevalence of these deposits in pre-Mesozoic age rocks. The query includes the minimum age of the map unit and only returns those map units that have a minimum stratigraphic age of pre-Mesozoic (250 million years or greater).
The third form of the sediment-hosted gold queries is a further refinement of the knowledge of these deposits in the western United Sates, in that the majority of these deposits are found in dirty carbonates that younger than Ordovician and older than Carboniferous. The query uses minimum stratigraphic age names and their numeric equivalents to return only those map units that have an age range of 360-440 million years.
Acid Neutralization Potential Query
This query builds on the fact that bedrock can be very important in mitigating problems related to acidic groundwater, and that carbonate rocks can react with acidic waters to increase their pH to more near-normal values. This query is a first step in determining where that might occur by identifying map units containing carbonate and determining the proportion and type of carbonate in that map unit. The query returns those map units that have either limestone or dolomite as the primary lithology. It also returns those map units that have either limestone or dolomite in any amount except as the primary lithology. The query creates 2 layers for every theme selected, the first containing the primary limestone or dolomite map units, and the other containing the secondary limestone or dolomite map units. Each theme created contains attributes about the type of carbonate contained (limestone or dolomite), which may be useful to determine the relative reactivity of each map unit. This query does not generalize the lithology hierarchy for carbonate rocks, but rather directly selects either limestone or dolomite lithologies. This is by design, recognizing that many map units are attributed simply as 'carbonate', and in many cases it may be necessary to know the type of carbonate.
Generalization Queries
The ArcView project also contains two general-purpose generalization queries. These queries are demonstrations of typical queries that may be performed on a geologic map database.
Generalization with Age
Querying for the general age of map units is often a first step in any map preparation or analysis. This query presents the user with the opportunity to quickly generalize a geologic map based on the stratigraphic age information encoded in the database. The query retrieves a specific query from the database that generalizes the stratigraphic age base on two user specifications.
The first choice presented to the user is which age designator to generalize on. Map units in the database have both a minimum and maximum age encoded. For many map units, this choice may have significant effects on the results. Many map units may span significant lengths of time, as well as having varying degrees of accuracy of either knowledge or encoding in either of the ages encoded in the database.
The second choice for the user in this query is the detail in geologic age to generalize to. The choices currently presented to the user are: eon, era, period, subperiod, and epoch. This choice determines the level of detail in age information retrieved from the database. Stratigraphic ages are filtered through the Stratigraphic_Time_Scale and the Stratigraphic_Tree tables, which compose the stratigraphic age hierarchy. It is important to note that many map units are encoded with only a basic amount of detail in the stratigraphic age. Queries made on a stratigraphic age classification that are more detailed than what is encoded in the database will return empty, or 'no data' values. While this may be undesirable, it may also be used to qualitatively represent the level of knowledge about a map unit.
Regardless of the choices made by the user, the queries return both the encoded minimum and maximum age names for each map unit. The query also returns the generalized age as specified by the user's choices. This is to aid in the use of this query for further analysis.
Generalization with Lithology
Another important piece of information in any geologic map analysis is determining what lithologies are present in a given map unit. This query allows the user to retrieve from the database the primary lithology of all map units, generalizing those lithologies to a given lith_level, which is an indicator of the position of the lithology in the lithology hierarchy. The user is presented with a list of lith_level values, and query returns both the original map unit primary lithology (in the lith_class field) and the generalized lithology (in the lithology field) at the specified lith_level. As with the Stratigraphic Age generalization query, map units with lith_class values that are lower (more general) than the specified lith_level will return no data (empty) values.
To help visualize the lithology hierarchy, as well as to provide definitions and lith_level values for those terms, the authors have included a 32-bit MS Windows executable program (lithtree.exe) with this report. This program reads the hierarchy from the database and presents it to the user in a 'tree' form similar to that of a directory structure. User's may click on a lithology term and view the definition and lith_level by clicking on the 'define' button. The program can be run by its self, and is also available from the 'Generalization Queries' menu in the ArcView project. When used in conjunction with the ArcView project, the user may wish to explore the lithology hierarchy in order to determine a suitable lith_level to perform a lithology generalization query with. The id of a subject best associated with the dataset (map layer). A text description of this composition. Intended to be read by people, this is where a long, detailed map legend description would be stored. The contribution made by this source to an object referencing this source; e.g. if the source is documenting a change to a geologic object on a map, then this field would record the nature of the modification The minimum time-stratigraphic age selected from the Stratigraphic Time Scale Table   max_age  Text  50 The maximum time-stratigraphic age selected from the Stratigraphic Time Scale The minimum time-stratigraphic age selected from the Stratigraphic Time Scale Table   max_age  Text  50 The maximum time-stratigraphic age selected from the Stratigraphic Time Scale 
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